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The Accident

United Air Lines' Flight 624, a DC-6
airplane, NC-37506, en route from Chica-
go, I11 , to New York, N. Y., crashed
three miles east-northeast of Mt. Car-
mel, Pa., at 1241, June 17, 1948  All
43 occupants were killed and the air-
plene was destroyed

History of the Flight

The airplans arrived 1in Chicago, Ill.,
at 0952, June 17, 1948, en route from
Log Angeles, Calif., to New Tork City
At Chicago the alrplane was given a rou-
tine station anspeciion, serviced,
loaded, and the flight departed for New
York with a new crew at 1044. Aboard
vere 39 passengers, & crew of four,

2,568 pounds of carge, and 1,800 gallons
of fuel, all properly loaded. The re-
sulting total alrplane weight was within
the certificated gross weight The air-
plahe climped en route to its planned
altitude of 17,000 feet, proceeding on
course, and at 1155 the captain reported
to the company radio at LaGuardlia Field,
N ¥, that the airplane was mechanical-
ly "okay" for a return trip. A routine
report was made over Phillipsburg, Pa ,
approximately 500 miles east of Chicago,
at 1223, and at 1227 the crew made a
routine acknowledgment of & clearance to
descend en route to an altitude between
13,000 and 11,000 feet. Four minutes
later, at 1231, the company radio opera-
tor at LaGuerdia Fileld heard a voice
vhich did not 1dentify itself celling
loudly and urgently. Another United

crew in & DC-3, flying over the same
route behind Flight 624 and at a differ-
ent altitude, heard what they termed
"screamlng voices™ calling "New York."
Then, after an unintelligible transmis-
sion, "This is an emergency descent.”
Inesmuch as all other air carrier

i.ul times noted 1n this report are Eastern
Standard ahd based on the 24-hour c¢lock
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flights in the vicinity at this time were
accounted for, this transmission undoubt-
edly emaenated from Flight 624

The airplane was first observed by
ground witnesses 31 miles northwest of
the scene of the accident flying a south-
easterly heading toward Shamokin, Pa.
The airplane flew cver the Sunbury Air-
port, Sunbury, Pa., at approximately
4,000 feet above the ground on a south-
easterly heasding. Immediately north of
Shamokin the airplane, then only 500 to
1,000 feet above the ground, described a
shallow left turn., The course was toward
constantly rising terrain, the hills
around Sunbury being 900 feet in eleva-
tion and the hills around Shamokin being
approximetely 1,600 feet in elevation
Five miles east or beyond Shamokin the
airplane, flying only 200 feet above the
ground, entered a right climbing turn.
As it passed to the north of Mt. Carmel,
the ¢limbing turning attitude increased
sharply. The airplane then struck a
hillside at an elevation of 1,649 feet.
Within ten miles of the fiight path and
the secene of the crash there were areas
on which an emergency landing could have
been made.

Investigation

NC-37506 crashed approximately three
miles east-northeast of Mt Carmel, Pa.,
in a power limne clearing on wooded moun-
tainous terrain The azirplane struck a
66,000 volt transformer and severed pow-
er lines. The time at which thils oc-
curred was automstically recorded at the
Culpment, Pa. steam electric station at
1241,

An explosion just after impact scat-
tered the wreckage cover an area 580 feet
long and 175 feet wide, A flash fire
followed, scorching and smudging parts
of the wreckage throughout the entire
area.

A considerable number of the pileces
of the airplane were identified

(0



The smoke detector and five of the
six fire detectors installed in the for-
ward baggage compartment were found. The
inlet duct adapter (detector manifold)
installed in the boller room, which re-
ceives air from the smoke detector, was
also found. Inspection of the fire de-
tector units revealed po soot, smoke or
evidence of burning, and smudge tests
made on the interior of the smoke detec-
tor adapter showed no trace of smoke
The normal complement of six 15-pound
Co, bottles wes found in a damaged con-
dition from the impaect. The six Co,
discharge valves were also accounted
for, however, they had been broken from
thelr respective bottles by impact, thus
allowing the contents, if any, of the
bottles to be released. The bottles
when found were empty  Other pileces
from all sections of the airplane were
examined for indications of in-flight
fire or smoke, and many of these were
alsc subjected to laboratory tests for
indications of gases or of smoke from
various sources. On the basis of these
tests and the testimony of the ground
witnesses, we conclude that no fire had
existed sboard the ailrplane prior to the
time of impact.

Although the recording of the crew's
last transmission to New York at 1231 1s
intelligible only in part, 1t is clear
from the recording that one or both pi-

lots were reporting that fire extinguish-
er had been released 1in the forward cargo

pit (the forward underfloor baggage com~-

partment), and that the flight was making

an emergency descent Inasmuch as this

report indicated the possibility of fire,

it 1s pertinent to note in evaluating
this fact that from January 1, 1948,
tnrough June 30, 1948, 22 false warnings
of fire detectors in fuselage compart-
ments, and 285 false warnings of smoke
detectors were reported on air carrier
airplanes.?

2 In view 0f the large number of false warhings

telng reperted by the carriers, some of which had re-
sulted 1nprecautloenary landings at unscheduled stops,

the CAA, on April 28, 1848, authorlzed operators to
disconnect the smoke detector unlts where thelr rec-—
ords showed that false alarms were being caused by

the detector unlts tnemselves and hot by faulty in-
stallatlion or melntenance

smoke detectors without showing the necessity there-
for, the Board concurred in thls action United had
experlenced 44 false smcke detector warnings from

January 1, 1948, through the first week In May, 1948,

but elected not to disconnect the units Resgearch
and tests are NOow 1n progress to improve the rella-
bility of the amoke detecteors Efforts are also
being exerted to lmprove the rellablility of the fire
detectors
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On June 30, 1948, the Ad-
ministrator authorized the carrlers to disconnect all

Accidewi Investigation Report

Operating and maintenance records in-
dicate that the airplane was in good me-
chanical condition at the time of its
departure from Los Angeles and Chicago.
Since the crew reported the airplane to
be "okay for turn around" less than an
hour before the accident, and since no
report of mechanical difficulty was re-
ceived subsequently, it would appear that
the airplane was operating satisfactorily
during the flight.

Examinaticn of the power plants and
their components disclosed no evidence
of malfunctioning during fiight The
lacerations on the propeller blades, the
blade piltch settings, and the twisted
front main power cases showed that the
engines were developing power at the
time of impazct. The investigation dis-
closed that the landing gear was fully
retracted at the time of impact, but,
because of the extensive breakage of the
alrcraft, the position of the flaps
could not be determined

The manual cortrol which actuates the
cabin pressure relief valves, and which
is located to the right of the copllot’s
seat, was found in the wreckage. The
control handle 1s attached to a drum
over which an operating cable is wound
When tne cabin relief valve« are opern,
there are about one and one-guarter com-
plete turns of cable winding on the
drum. When the valves are ciosed, only
one~guarter turn of winding appears on
the drum. The drum as found had only 90
degrees of cable winding. This, in addi-
tion to the marks left on the parts of
the control mechanism and tests con-
ducted on cabin emergency relief valves
and control mechanism, 1leads us to the
conclusion that the cabin pressure re-
lief valves and the cockpit control were
in the closed position at the time of im-
pact The cabin superchargers attached
to the Nos 1 and 4 engines were exam-
ined by metallurgists No evidence that
these parts were rotating at the time of
impact was found and 1t gppears ihere-
fore that the cabin sunercnarge—s had
been declutched by the cres n flight.

When the DC-6 airplane is pressarized,
air escapes from one fuselage compart-
ment to anptrer since all pressurized
compartments are not air tight  Conse-
quently, when CO, gas 1s édilscharged into
an under-floor fuselage compartment to
extinguish fire, some of the gas will
escape 1lnto the coeckpit and cehbin., To
prevent a concentraticr Mrrz.cows to
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crew personnel and passengers, the fol-
lowing procedure was established for op-
eration of the fire extinguisher sys tem.®

"l (Cabin superchargers—DECLUTCH.

2 Emergency pressure control—Rotate
fully open, this will open relief valve
also WARNING—Fallure to open valve
may result in excessive amounts of 602
in cockpit and cabin.

3 Compartment CO, selector—Pull
fully out

4 Discharge one €0, selector—Pull
out (15 seconds after declutching)

9 Descend immediately to minimum
sefe altitude

6, if by inspection a second Co, dis-
charge is necessary, repull compartment
selector and then discharge second COZ
supply

7. If fire is not under control at
this point—LAND IMMEDIATELY "

NC-37506 was manufactured in March
1%7. The DC-6 as a model received a
type certificate on June 23, 1%47. At
the time it was type-certificated, the
C-6 incorporated the fire precautions
prescribed for aireraft certificated un-
der the transport category by sections
(b 49 and 04b.38251 of the Civil Air
Regulations  The pertinent parts of
these sections read as follows

"Mb 49 Power plant fire protection
Unless it can be demonstrated that equi-
valent protection against destruction of
the airplane in case of fire is provided
by the use of fire resistant materials
in the nacelle and other components that
would be subjected to flame, fire extin-
guishers shall be provided. These shall
be provided for the accessory sections,
installations where no isolation is pro-
vided between the engine and accessory
compartments, auxiliary power plants,
fuel burning heaters, and other combus-
tion equipment. Such regions shall be
referred to as designated fire zones.

"04b 38231 (c) Cargo and baggage com-
prizents shall be c¢lassified in the "CT
category... (1f not accessible to the
crew during flight.) Each compartment of
the *C" category shall be equipped with
(1) a separate system of an approved type
smoke detector or fire detector other

z'mis procedure was set forth In the "CAA Ap~
proved Alrplane Operatlng Manual, " revised,p 47
dated Feb 26, 1948, and was In effect at the time of
this a;:cldent (Sec 4b 82 of the Civil Alr Regula-—
tlons
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than heat detector to gilve warning at the
pilot or flight engineer statiom, and (2)
an approved built-in fire-extinguishing
system controlled from the pilot or
flight engineer station. Means shall be
provided to exclude hazardous gquantities
of smoke, flames, or extinguishing agent
from entering into any compartment occu-
pled by the crew or passengers. Venti-
lation and drafts shall be further con-
trolled within each such cargo or bag-
gage compartment to the extent that the
extinguishing agent provided can control
any fire which may start within the com-
partment, All cargo and baggage com-
partments of this category shall be com-
pletely I1ined with fire-resistant mate-
rial, except that additiomnal service 1lin
ing of flame-resistant material may be
employed."

Al} DC-6 aircraft were withdrawn from
service in November 1947 for extensive
modification. Inasmuch as-such modifi-
cations were deemed to constitute major
alterations of the aircraft, the Civil
Aeronautics Administration considered
that the provisions of section 04b,38251
of the Civil Air Regulations were appli-
cable to the modified aircraeft and that
the aircraft was therefore subject to
the proof of compllance regquirements of
section 04b.38252,% as well as to the re-
quirements of section 04b.4910 B At the
completion of the modification pregram
flight tests were made in January 1948
for COZ concentrations in the habiltable
compartments of a modified DC-6. During
one of these tests, the concentration of

% Oup 38252 Proof of complience  Compliance with
those provisions of ¢ 04b 38251 which refer to the
compartment accessibllity, the entry of hazardous
quantities of smoke or extinguishing agent Into com—
partments occupled by the erew or passengers, and the
dissipation of the extinguishing agent 1ln category
*Cr compartments shall be demonstrated by tests in
riight it shall also be demonstrated during these
tests that 0o lnedvertent operatlon of smoke or fire
detectors 1n adjacent or other compartments within
the alrplane wauld occur as a result of fire coo-
tatned in any one compartment, either durlng or after
extingulshment, unless the extlngulshlng system
floods such compartments slmultaneously

S oub.ug10 Five extinguishing ofents Extin-
guishing agents employed shall be methyl bramlide,
carbon dlpxide, or any other agent whlch has been
demonstrated to provide equlvalent extingulshing
action I methyl bromide or any other toxle extin-
guishing agent 1s emplcoyed, provisions shell be made
£0 prevent the entrance of hprmful concentration of
fluld or fluid vapors Iinto ahy persomnel compartments
glther due to leakage during normal operation of the
glrplane or as a result of discharging the fire ex-
cinguisher on the ground or In flight when a defect
exiats in the extinguigher system If carbon di-
oxlde Is used, it shall mot be possible to dlscharge
aufficlent gas into personnel compartments to constl-
tute 4 hazard from the standpoilnt of suffocation of
the occupaRts
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COz which occurred i1in the cockpit was
sufficient to cause partial incapacita-
tion of the crew. On board the airplane
at that time was an official representa-
tive of the Civil Aeronautics Adminis-
tration and a representative of the Air
Line Pilots Association.

Following the January flight tests
during the modification program, an ad-
ditional cabin pressure relief valve be-
low the floor and at tha rear of the
cabln was 1nstalled which provided
greater ventilation and consequently
lower concentrations of €0, in the cock-
pit and cabin. After this and other
changes, flight tests were again con-
ducted during which one and two banks of
002 were discharged at varying time in-
tervals ain the under-floor fuselage com-
partments with the ailrplane in a descent
from 20,000 feet at 300 m.p.h. Concen-
trations in the cockpit were then found
to be no greater than two percent.

plemental Type Inspection Report dated
March 1, 1948, were accepted by the Ad-
ministrator as satisfactory The above
did not include tests for the simultane-
ous discharge of both banks of CO2 in
the under-floor forward baggage compart-
ment. Moreover, no tests were made for
discharge of one or two banks of CO, in
the fuselage compartments when the air-
plane was in a descending configuration
with flaps and gear fully extended,
though such a descending configuration
was authorized in the CAA Approved Air-
plane Operating Manual.

As a result of the flight tests fol-
lowing the modification, the Douglas
Aircraft Company not only made changes
in the ventilating system, as previously

mentioned, but also revised the procedure
for the operation of the fire extinguish-

ing system, The language of this proce-
dure specifically included the warning
"Fallure to open valve {(cabin relief

valve) may result in excessive amounts of
This re-
vised procedure was required to be placed

002 in the cockpit and cabins.®

in the DC-8 Approved Airplane QOperating

Manual by CAA Airworthiness Directives of

March 8 and March 15, 1948. The manual
was a part of the eguipment required on
the airplane. United Air Lines included
the revised procedure in its own opera-
tions manual and in its airplane check
list although the warning, as quoted
above, was omitted.
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These
tests, as observed and reported in a sup-

Accident Investigation Report

Following the January flight tests,
the Douglas Aircraft Company employed s
medical specialist of the Lovelace Clin-
ic to make a study of human tolerance to
€0, gas. That study, which did not pur-
port to be the result of an original re-
search effort by the Clinic, but merely
a compilation of known information on
the subject, was completed on February
7, 1948. It showed that the maximum al-
lowable CO, concentration at sea level
for all operating personnel should not
exceed five percent for more than five
minutes and that the gas had a toxlc ef-
fect on the body, increasing the rate of
breathing, irritating the eyes, nose amd
mouth, creating muscular weakness and
lack of coordination and causing dilzzi-
ness, faintness and frontal headaches
This report was under study by the Doug-
las Company during the subsequent months
but was not released until after the
date of the accident.

The Air Line Pllots Association on
March 3, 1948, recommended to the Civil
Aeronautics Administration and the Civil
Aeronautics Board that "smoke masks type
oxygen eguipment be required available
for all members of the crew on transport
aircraft.” The reason for the recommen-
dation was to "assure that the crew
would be able to carry on their work of
landing the aireraft safely in spite of
possible smoke Iinterference in case of
an aircraft fire," The proposal for the
installation of smoke masks type oxygen
equlpment was considered by the CAA to
be a proposal for safeguarding against
smoke hazards which would be additional
to the safeguard provided by the emer-
gency smoke clearance procedures previ-
ously tested and approved for DC-6 air-
craft. Because the CAA had witnessed the
flight test for both smoke and CO, hazard
in the cockpit of the DC-6 which had
been conducted in February 1848, and hed
found that the smoke evacuatlon procedure
and the emergency fire procedure were
adequate to prevent hazardous concentra-
tions of smoke and CO_, in the cockpit,
that agency considered that the addi-
tional protection of a smoke mask was
unnecessary at that time. The CAA re-
ceived a second letter, dated April 13,
1948, from the Pilot's Association rela-
tive to the need for smoke masks, which
letter also mentioned for the first time
the €0, hazard. TFollowing receipt of
this second letter the CAA instituted a
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medical study of the effect of smoke and
noxious gases on flight crews. This
study was not completed until after the
Mt Carmel accident 8

Knowledge of human tolerance to CO
ges 1s st1ll incomplete, partiecularly as
to concentration and the period of ex-
posure  Medical testimony received dur-
ing the course of the hearing was not
entirely consistent One specialist
fixed the hazard at three percent for
any length of time at sea level, another
at five percent for fave minutes at sea
level, and the third believed that the
existing data were not sufficient upon
which to base a standard. It 1s known,
however, that individual resistance de-
pends upon many factors, such as age,
activity level of the individual, per-
sonality type, altitude, temperature,
humidity, and the presence of other toxic
gases It is also known that the effect
of 0, gas is initially to stimulate, and
then as the concentration grows higher,
to depress If, thereafter, air free of
G0, 1s breathed, recovery 1s rapid, and
within one to two minutes sensible vola-
tional behavior is possible But during
the early part of the recovery the sub-
ject is apt to be confused and irration-
al Upon emerging from the effects,
some individuals will continue the ac-
tivity in which they were engaged prior
to losing consciousness, Since C0,,
piysiologically, displaces oxygen rapid-
ly, 1t is possible for the subject to
lose consciousness and recover without
being aware of it. Although medical spe-
tlalists differ regarding human toler-
ance to €C0;, and further research is nec-
essary, one fact 1s well established
coy in addition to reducing the oxygen
content of the alr, produces a positive,
enesthetic effect on the central nervous
system.

On May 13, 1948, a crew in & TWA Con-
stellatiom, eruising at 19,000 feet, ex-
perienced a false fire warning in a for-
werd cargo compartment. CO0, was released
in the compartment, and due to the design
of the airplane, including a circulating
booster fam, CO, gas entered the cockpit
and partially incapacitated the crew.’

6This study culminated in Aviatlion Safety Release
No 295, issued by the CaA on July 22, 1948, which
outlined the availeble remedial measures for the pro-
tectlon of crews agalnst smoke and noxlous gases, 1n-
ciuding the use of gas masks, gas-tlght gogdles, oxy-
gen equipment and vemtllaclion

TAn Investigator of this 1ncident was cobducted by
the Board, and correctlve action was taken by the Ad-
ninistratoer
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An emergency landing was successfully
made at Chillicothe, Missouri. Immedi-
ately upon receipt of notification of
the Chillicothe incident on May 14, the
Board transmitted by telephone to the
Director of Aircraft Service of the CAA
the information which it had obtained.
This information was confirmed the fol-
lowing day by letter. Following this
incident, tests were conducted on June
9, 1948, in the same alrplane by the car-
rier involved, with representatives of
the Administrator and the Board present,
Under the same conditions as existed for
the flight of May 13, a concentration of
CO2 in the cockpit was experienced suf-
ficient to cause one of the crew members
to lose consciousness.®

On June 10, 1348, the Air Transport
Assoclation sent the following telegram
to all DC-6 operators "Following in-
formation recelved from TWA  Flight
tests simulating forced landing at Chil-
licothe revealed serious oxygen defi-
¢iency in cockpit when CO, bottles are
pulled in cargo compartment. Recommen-~
dations to flight crews include follow-
ing steps (1} De-pressurize, (2) open
cebin window, (3) open cockpit window,
(4) then pull €0,. Under all circum-
stances oxygen should be used before re-
leasing CO,. It has been recommended to
us by TWA that a similar situation may
exist on DC-6 alrcraft. Therefore, sug-
gest if possible you carrying out neces-
sary tests to determine if such ean oc-
cur to DC-6. .7

A copy of this telegram was sent to
the Douglas Aircraft Company, and subse-
quently thereto, by telegram dated June
14, but not recelved by Air Transport
Assoclation until approximately noon of
June 15, Douglas replied as follows
"Reference your telegram June 10 to DC-6
operators regarding C0, concentration in
cockpit of Constellation Douglas mede
CO, smoke evacuation tests on DC-6 for
CAA purposes in February of this year

8On June 11, 1948, the Board notifled officlals of
United, st its principsl operating base in Denver, of
the results of the Comstellatlonm tests The Board on
June 9, 1948 glso 1lmmec¢iately trensmitted the 1nfor—
matlen concerning the tests to tie Director of Avla-
tion Bafety of the CAA and Lo the Alr Transport Asso—
ciatlion and all carrlers using the Constellation alr-
craft The Director of Aviatlon Safety of the CAA on
June 10, 1948, Informed all CAA reglonal administra-
tors bY telegram that 1t had been reported that rapld
descent followlng discharge of CO2 ln the forward
belly cargo compartment of the Lockheed 49 aircraft
{Constellation) causes a dangerously high concentra-
tion of COz on the flight deck and that 1t had tenta-
tively been establlished that utllizatlion of emergency
cockplt smoke clearantce procedure would allevlate
this conditlon
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with entirely satisfactory results. Test
summarized an Douglas report in DEV-133
report, dated February 20, entitled 'CAA
Certification Tests, Fuselage CO, Concen-
tration and Smoke Evacuation Procedure
for a DC-6' Copies of this report are
available upon request. Please contact
all reciplents of your Jume 10 wire and
withdraw any reference to DC-6 aircraft
as tests you recommended are extremely
hazardous to conduct, requiring consid-
erable emergency equipment. Also recom-
mendation regarding smoke evacuation for
other aircraft does not necessarily ap-
ply to DC-6. All recommendations pres-
ently in force by DC-8 operators based
upon extensive tests made under varied
conditions carrying CAA approval. Be-
lieve you should use extreme caution in
issuing instructions of this nature on
DC-6 aircraft without prior coordination
with Douglas.. "

Subsequent to the receipt of that
telegram and not having a copy of the re-
port, referred to in the telegram as
DEV-133, the Air Transport Assocciation
on June 15 dispatched ancther telegram
to all DC-B operators as follows. "Re
mytel June 10, regard DC-6 €0, concen-
tration possibilities Have been advised
by Douglas this adeguately covered by
their report DEV-133 results of which
were included on DC-6 Operations Manu-
41..." However, on or about June 15
United decided to instruct all of its
DC-6 crews to use oxygen masks when CO
1s released. A company bulletin to this
effect was being prepared at the time of
the accident.

Captain Warner completed a company
course in the operation of the DC-6 on
May 28, 1948, and had accumulated approx-—
imately 30 hours on these airplanes.
First Officer Schember completed a DC-6
course on June 12, 1947, and was given a
refresher course on March 14, 1948, fol-
lowing modification of the airplane.
Schember had accumulated approximately
129 hours in DC-6 e.irple.nes.9 It weas
the policy of the carrier to assign more
experienced first officers with newly as-
signed captains on DC-6 equipment,

Following the Mt. Carmel accident,
Douglas Aircraft Company conducted 39
individual flight tests for COE concen-
trations in the cockplt and cabin., Some
aof those tests were made 1n accordance

BT]:Lis training Included a study of the procedure
for operating the fire extingulshing system as
printed 1o the United Alr Lines QOperatlons Manual
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with the emergency fire procedure as set
forth in the CAA Approved Alrplane Oper-
ating Manual and 1t was found that in &
descent from 20,000 feet at 300 miles
per hour, flaps and gear up, no concen-
trations of CO, were found 1n excess of
4 2 percent. The 4 2 percent concentra-
tion occurred as a peak 1n one test, the
average concentration for that test being
only 2 percent for a period of three
minutes  When a descent was made from
20,000 feet with flaps and gear down at
160 mxles per hour, a descending config-
uration authorized by the CAA Approved
Alrplane Operating Manual for the DC-B,
again following the emergency procedura,
a peak concentration was found of 7 8
percent. The average for this test was
6 3 percent over a period of six min-
utes The 6.3 percent concentration re-
duced to a sea level value resulted in
en average of approximately 4.8 percent
for the period of six mainutes.

Analysis

The crew's last transmission reported
the release of the fire extinguisher in
the forward cargo pit {the forward under-
floor baggage compartment). There can
be little doubt that this discharge of
CO, was due to the pilot's belief that a
fire actually existed in an under-floor
fuselage compartment. Yet examination
conducted during the course of the in-
vestigation showed that no in-flight fire
had actually existed in any of the fuge-
lage compartments.

Ten minutes elapsed between the
crew's last eall announcing an emergency
and the time of the accident. This pe-
riod of silence, coupled with the fact
that the ailrplane while descending
passed over visible emergency landing
areas, including Sunbury Airport, and
flew toward mountainous terrain where
safe landing could not be accomplished,
admits of only one explanation  that
the pllots were physically unable to
perform their flight duties  Since the
erew reported releasing CO, in the for-
ward baggage compartment, and since it
was established that the cabin pressure
relief valves were closed, it is reason-
able to coneclude that a dangerous con-
centration of CQ_ existed in the cockpit.
According to the expert medical testi-
mony, & six percent concentration for
three minutes would have reduced the pi-
lots to a state of confused consclous-
ness and a higher concentration or a
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greater time of exposure would have re-
sulted in loss of consciousness.

The investigation disclosed that the
cabin pressure relief valves were closed
prior to the acelident, indicating that
the pilot and co-pilet had not fol3 'wed
the approved emergency procedure when
discharging €0, gas into the forward
baggage compartment As previously
noted, the extensive breakage of the air-
plane did not permit a determination as
to the position of the flaps at the time
of impact However, the retracted posi-
tion of the landing gear would indicete
thet the erew had elected to descend at
the 300-mile per hour configuration. Had
the crew followed the emergency procedure
on such a descent configuration 1t ap-
pears that the aceident would have been
avorded Although the retracted posi-
tion of the landing gear points toward a
descent configuration of 300 miles per
hour, we recognize the possibility that
had the crew elected to make a descent
at 160 miles per hour, with flaps and
gear extended, according to the Douglas
tests performed after the accident, a
hazardous concentration of CO, gas would
have existed in the cockpit even though
the pllots had adhered strictly to the
approved emergency procedure.

Findings

On the basis of all available evi-
dence, the Board finds that

1 The pilots, airecraft and carrier
were duly certificated

2 One or bhoth of the pilots of the
aireraft, in a rad’o transmission re-
celved at 1231 on June 17, 1948, by the
company radio at La Guardia Fleld, re-
ported that fire extinguisher had been
released 1n the forward cargo pit and
that the flight was making an emergency
descent

3 The aireraft, after descending to
¢ low altitude, assumed an erratic course
in the direction of constantly rising
terrain and finally crashed into a trans-
former in a power line clearing on Wwooded
mountainous terrain approximately three
miles east-northeast of Mt. Carmel, Pa.

4 The aircraft in its descent flew
over the Sunbury Airport, Sunbury, Pa
et an altitude of approximately 4,000
feet On or within ten miles of the
flight path and the scene of the crash
there were other visible areas on which
en emergency landing could have been
nade
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5. A fire warning caused the crew to
discharge at least one bank of the 002
fire extinguisher bottles in the forward
cargo plt (the forward underfloor bag-
gage compartment).

6 8ix I5-pound CG, bottles and six
discharge valves were found in the
wreckage, however, both the bottles and
the valves (which had become separated
from their respective bottles upon im-
pact} were sc damaged that ne conclusions
could be drawn as to how meny of sueh
bottles had been discharged prier to im-
pact.

7 At the time of impact, the emer—
gency cabin pressure relief valves were
closed, and the contro}l mechanism for
such valves was in the closed position.

8 Except for the apperent failure of
the fire detection instrument referred
to in finding No. 5, supre, the 1nvesti-
gation revealed no mechanical failure of
the aircraft or fire in flight.

9 The emergency procedure for the
operation of the DC-6 fire extinguisher
system was established after flight
tests were conducted in a descent con-
figuration of 300 miles per hour, with
landing gear and flaps up, no flight
tests were conducted prior to the acci-
dent in a descent confilguration of 160
miles per hour with gear and flaps down,
which configuration was &lso approved
for DC-6 operations.

10 At the time of impact the landing
gear was in the "up®™ position, thus in-
dicating that the ailrecraft had descended
in the configuration of 300 miles per
hour. The extensive breakage of the
aircreft precluded any positive determi-
nation as to the position of the flaps.

11. After the release of CO, gas haz-
ardous concentrations of the gas entered
into the cockpit.

12 Due to the physiological and
toxie effects of high concentrations of
€0, gas in the cockpit, which would
probably not have occurred had the cabin
pressure relief valves been open, the
members of the flight crew of the air-
craft were rendered physically and ment-
ally incapable of performing their du-
ties.

Probable Cause

The Board determines that the probable
cause of this accident was the incapaci-
tation of the crew by & concentration of
€0, gas 1in the cockpit.
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A fire in flight permits 1little op-
portunity for the exercise of detached
and thoughtful consideration of emergen-
cy procedure. Immediate action 1s re-
quired if a fire is to be controlled.
Too little consideration has been given
to the psychological and ﬁhysical 1imi-
tations of crew members in time of
stress and danger as related to the com-
plexity of emergency fire procedure. It
is not safe to assume that the pilot and
co~-pllot, under emergency pressure, will
always adhere rigidly to the seguence of
steps outlined in the CAA Approved Air-
plane Operating Manual.

The possibility of human error under
great mental stress is well documented
in air transport experience and the de-
sign of aircraft controls, especially
those of an emergency character, should
take Into consideration the natural
limitations of human nature, These 1im-
itations argue against involved proce-
dures applicable in emergencies. In
harmony with this objective, the Douglas
Aircraft Company has designed and is
testing a modified fire extinguishing
system which will permit all necessary
steps to be executed by the movement of
one control. An additional vent is also
being designed teo reduce CO, concentra-
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tion in the cockpit. Seven days after
the Mt Carmel accident, the Director of
Aviation Safety of the CAA directed tel-
egrams to all CAA regional admlnistra-
tors calling attention to hls telegram of
June 10, 1948, referred to above, and
advising that further investigation had
disclosed the existence of the CO, con-
centration condition found in Constelle-
tion alreraft by the Chllilicothe testis
in other makes of aircraft. The telegram
concluded "Hence, flight crews of all
aircraft should be advised to wear oxygen
masks and utilize emergency coclkplt smoke
clearance procedures when carbon dioxide
is released into any fuselage compartment
from other than portable extinguishers.”
All scheduled U 8 air carriers operat-
ing DC-6s have equipped the airplanes
with demand type full Tace oxygen masks
for the use of the crew.

BY THE CIVIL AERONAUTICS BOARD

/s/ JOSEPR J O'CONNELL, JR
{s/ OSWALD RYAW

/s/ JOSH LEE

/s/ RUSSELL B ADANS

Harold A. Jones, Member of the Boarg,
did not participate in the adoption of
this report.



Supplemental Date

(Investigation and Hearing

The Chief, Region I, Bureau of Ssfeiy
Investigation, Civil Aseronautics Board,
was notified of the accident at 1324Q,
June 17, 1%48. An investigation was be-
gun immediately in eseccordance with the
provisions of Section 702 (a) (8) of the
Civil Aeronzutiecs Act of 1938, as
amended A public hearing was held July
2 and 3, 1948, at Ashland, Pa., and was
continued August 25, 26, 27, and 28,
148, at New York, N Y.

Immediately upon notification of the
accldent, dnvestigators from the New
York office and the Washington office of
the Bureau of Safety Investigation de-
parted for the scene of the accident.
Upon arrival an extensive investlgation
was initiated by the Board's personnel,
assisted by representatives from the
Civil Aeronautics Administration, United
Air Lines, Douglas Aircraft Compa=ny and
the United Airecraft Corp

Due to the aimost total destruction
of the aireraft and its componentis
caused by the violent impaet and subse-
quent fire, the initial investigation at
the scene of the accident was extremely
difficult and time consuming This in-
vestigation at the scene continued from
June 17 untxil July 2 Oon July 2-3 &
public hearing was held. During the
hearing testimony was received from sev-
eral observers of the flight immediately
prior to the accident. Various exhibilts
were also presented A preliminary
statement of facts then in possession of
the Board was released on July 8, 1%48

Following the above-mentioned hearing,
several of the compenents of the air-
craft were subjected to detailed study
and analysis by the Federal Bureau of
Investigatlion, the National Bureau of
Standards and the Douglas Alrcraft Com-
pany At the conclusion of these studies
the hearing was reconvened at New York
City, August 25, 1948 At this hearing
the testimony of forty-one witnesses,
including technical expertis, was heard
and mmerous technical exhibits were
placed in the record The testimony of
various medical specialists was also re-
celved on the effect of and the human
tolerance to COz gas.

Following the New York hearing the
Board's technical staff entered upon an
analysis of the ve¢luminous exhibits that
had been recelved in evidence. In Decem-
ber 1948, United Air Lines requested the
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Beerd to withhold judgment on the aceci-
dent until further tests could be cen-
ducted, with respect to the position of
the cebin pressure relief velves, at the
Massachusetts Institute of Technology

(M IL.T). Tris request was granted. Be-
fore the parts in guestion were released
to M 1.T they were disassembled and re-
examined by the National Bureau of Stand-
ards, which issued 1ts report on April
14, 1249 The study made on behaif of
United oy M I T. resulied in a prelzimi-
nary report received April 26, 18423. In-
asmuech as the parts in questicn nad not
been disassembled at the time of its
original inspection, the Douglas Aircraft
Company requested and received permission
to reexamine the parts The Douglas re-
port was received on June 21, 1949 The
Board thereupon entered upon a final
analysis and study of the evidence in-
cluding the reperts above described, only
one of which, the M.I T .eport, con-
cluded that the cabin pressure relief
valves were open.

Alr Carrier

United Air Iines, Inc., & Delaware
Corporation with headquarters in Denver,
Colo., was operating under a certificate
of publiec convenience and necessity and
an air carrier operating certificate,
both issued under the authority of the
Civil Aeronautics Act of 1938, as
amended

Flight Personnel!

Captain George Warner, Jr.; age 35,
of Westmont, I11., held a valid airline
transport pilot rating, and at the time
of the accident had logged approximately
7,310 flying hours, of which about 30
hours were in DC-6 airplanes. First Of-
ficer Richard ¢ Schember, age 26, of
Elgin, Y11., held a valid airline trans-
port pilot rating, and at the time of
the accident had logged approximately
3,289 flying hours, of which about 129
hours were in DBC-6 airplanes. Steward-
ess Lorena R. Berg, age 28, of Wood-
stock, I1l., and Stewardess Nancy L.
Brown, age 24, of Fort Myers, Fla., com-
pleted the crew.

Aircraft 7
NC-37508, a Douglas DC-6 airplang,
model 477-8, was delivered new to United

Alr Lines on March 25, 1947. It was

(1)



II

equipped with Pratt & Whitrey R-280C en-
gines and Hamilton Standard 43060-3 pro-
pellers. At the time of the accident,
the airplene hpd been operated a total
of 1,245 hours, of which 350 were since
the last overhaul, 87 since the last No
3 check and Z6 since the last No. 2

-~15276

Supplemental Data

check Engines Nos. 1,2, and 3 hed been
onerated 550 hours since overhaul, and
engine No. 4, 187 hours sinece overhaul
Propeller No. 1 had been operated 320
hours since overhaul, No. 2, 118 hours,
No. 3 and No. 4, 467 hours.



